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ABSTRACT 
JUVENILE HORMONE BIOSYNTHESIS AND SECRETION BY THE 
FEMALE LARVAL CORPORA ALLATA OF THE GYPSY MOTH, 
LYMANTRIA DISPAR (L.), UTILIZING IN VITRO ORGAN CULTURE 
February 1986 
Gaylen Luther Jones, B.S. Boise State University 
M.S., University of Idaho 
Ph.D., University of Massachusetts 
Directed by: Professor Chih-Ming Yin 
Juvenile hormone synthesis and secretion in the 
female larval gypsy moth was investigated. I_n vitro 
culturing methods were developed including: incubating 
2 pair of CC-CA gland complexes in 50 ul of 
osmostically balanced Grace’s insect medium containing 
1 uCi 3H -methyl-methionine (final specific activity, 
792 mCi/mmole) for 6 hr. JH homologues were identified 
and quantified using TLC and HPLC. In vitro methods 
were employed to investigate trends of JH secretion in 
4th and ultimate female larval instar CA. 
Fourth instar CA produced JH peaks of 0.15 
pmole/pr/hr between days 2 and 3, but the rate declined 
to half by day 4 (last day of the 4th instar). Ultimate 
vi 
instar larvae began secreting 0.48 pmole/pr/hr, but by 
day 10, had decreased JH output to negligible levels 
which continued until pupation. JH III predominated in 
both instars with trace amounts of JH II present only 
on day 1 of the 4th instar. JH I was present on days 3 
and 4. Last larval instar CA produced only JH III. 
Effects upon iji vitro JH secretion produced by 
precocene II and caffeine were examined. Precocene II 
at 1.0 mM reduced JH secretion seven fold, while 10 mM 
Caffeine caused no significant change in iji vitro JH 
production by 4th instar CA. 
Feulgen staining techniques revealed an equal 
number of cells (30) in 4th and last instar CA. Last 
instar CA were 3 times larger than 4th in volume but 
their actual dji vitro JH secretion at peak levels was 
only 20% greater. 
In vitro methods demonstrated that JH secretory 
trends differ in younger versus mature larval instars. 
Glandular volume increased in last instars but JH 
secretion was only 20% greater than in 4th?s when 
compared on the basis of volume. Precocene II elicited 
a negative response on in_ vitro JH secretion at levels 
10 times less than caffeine. Caffeine was judged not to 
significantly alter JH secretion. 
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CHAPTER I 
INTRODUCTION 
This century has seen many well established 
methods of insect control come under assault because of 
their undesirable effects on non-target organisms and 
the environment. A novel approach which has garnered 
enthusiastic support is the use of analogues and 
antagonists of insect growth regulators like juvenile 
hormones and ecdysones to control pests. Replacing 
some of the compounds now u.sed for pest control, which 
have unwanted ecological side effects or high mammalian 
toxicity, with insect growth regulators could produce a 
revolution in integrated pest management and insect 
control. For any of these new strategies to be 
successfully implemented, they must efficiently exploit 
the biology of the pest species. If insect growth 
regulators are to be used as control agents, certain 
factors concerning the growth and development of the 
pest must be understood. For example: in what stage 
of development should the compound be applied; what 
organisms besides insects may be affected by insect 
hormones; and whether resistance can develop. 
1 
This chapter briefly discusses the principal 
hormones that insects produce and regulate their 
development with. It also reviews the effects, 
biological assays and some theories regarding the 
mechanism of action of juvenile hormones. A discussion 
is also presented concerning the merits of using the 
gypsy moth, Lymantria dispar (L.), as an experimental 
animal. 
Three Major Insect Hormones 
In insects, the well-known processes of growth and 
molting are controlled principally by 
prothoraciotropic, juvenile and molting hormones, 
produced by specific neurosecretory cells in the brain, 
the corpora allata and the prothoracic glands, 
respectively. In response to various cues, the 
neurosecretory cells of the brain secrete the 
polypeptide prothoracicotropic hormones, PTTH 
(Bollenbacher et_ al^. , 1984; Nagasawa e_t al_. , 1984) that 
in turn activate the prothoracic glands (PG). The 
activated PG release a steroid, alpha ecdysone, which 
is then converted in target tissues to the active 
molting hormone ecdysterone (MH), or 20-hydroxyecdysone 
(Smith et al., 1979). In vitro studies have shown that 
the PG are directly stimulated by PTTH to increase 
their rates of biosynthesis and release of alpha 
ecdysone (Bollenbacher et al., 1979 and Goldsworthy et 
al. t 1974). MH acts on the epidermal cells by 
initiating the sequences of molting: the epidermis 
pulls away from the old cuticle (apolysis) and in turn, 
a new cuticle is produced and the old cuticle is shed 
(ecdysis). The third hormone, juvenile hormone (JH) is 
synthesized in and secreted by the corpora allata (CA), 
paired endocrine glands having direct neural 
connections with the brain. JH determines the 
character of the molt initiated by the MH. A high JH 
titer generally produces a larval-larval molt, while a 
low JH titer precedes a larval-pupal molt. The absence 
or very low titer of JH usually produces the 
pupal-adult metamorphosis. JH secreted in the adult 
functions as a gonadotropin (Engelmann, 1970; Hagedorn 
et al., 1975; Riddiford, 1980). Precise quantities of 
these three hormones must be secreted at critical 
developmental stages and their titers maintained for 
specific periods of time for normal development to 
proceed. For these reasons, it is extremely important 
to discover how the insect regulates its hormone titer 
and consequently, its development. 
Although the three hormones just described (PTTH, 
MH, JH) are best understood, the list of other insect 
regulatory hormones is rapidly growing and includes 
many compounds which are thought to be peptides - je.£. 
hyperglycemic, gut activation, diuretic, antidiuretic, 
eclosion, embryonic, tanning (bursicon), 
cardioaccelerating, diapause, adipokinetic hormones and 
pupariation factor (Downer and Laufer, 1983; Frontali 
e t al. , 1977; Goldsworthy e_t al, , 1974; Steele, 1976 
and 1978; Truman e_t a_l_. , 1977). Adipokinetic hormones 
are the only peptides that have been completely 
sequenced and synthesized (Carlsen e_t a^l. , 1979; Stone 
and Mordue, 1980; Stone e_t a_l. , 1976 and Stone e_t a 1. , 
1978). The insect nervous system also has been found 
to contain compounds immunochemical1y similar to 
several known vertebrate regulatory factors (Friedel 
and Loughton, 1983) such as vasopressin, oxytocin (Remy 
et a_l., 1979 and Strambi e_t a_l., 1978); enkephalin (Gros 
et al.,1978 and Remy et al_.,1979); somatostatin 
(Doerr-Schott e_t a_l., 1978) and glucagon (Tager e_t 
al.,1975). 
There are at least five forms of JH presumably 
synthesized by cells of the CA. They are homologous 
sesqueterpenes containing an epoxide function, and are 
designated JH I, JH II, JH III, JH 0 and iso JH 0 based 
on the number and position of methyl side groups (King, 
1983). JH has now been isolated from the orders 
Lepidoptera, Hymenoptera, Orthoptera, Dictyoptera, 
Isoptera, Diptera and Coleoptera. Lepidoptera is the 
only order which has been found to produce all the 
homologues of JH. In all other orders examined, only 
JH III (the cockroach, Nauphoeta cinerea possibly 
excepted) is produced (Lanzrein ejt a^L. , 1975 and 
Schooley, 1977). 
JH affects numerous areas of insect development. 
These are larval diapause (Chippendale, 1983; Yagi et 
al. , 1974; Yin e_t a_l. , 1973), ovarian diapause (de 
Wilde, 1983; Girardie e_t a_l. , 1974), polymorphism and 
coloration (Girardie et^ a_l. , 1974 and Wigglesworth, 
1970), as well as various aspects of behavior (Truman 
et al., 1977). The primary role of JH, however, is the 
regulation of metamorphosis and reproduction. JH I and 
JH II are thought to be primarily metamorphic hormones, 
while JH III can act also as a gonadotropin in adult 
females (Lanzrein e_t a_l. , 1975). There have been 
cases, however, where JH III has been the only hormone 
identified in all life stages (Blight £_t al_. , 1976 and 
Hagenguth et a1., 1978). JH, JH 0 and iso JH 0, have 
been found with JH I in embryos of Manduca sexta 
(Bergot et al., 1980; Baker et a1., 1984). The 
physiological role of JH in developing embryos has yet 
to be resolved. It must be stressed that until very 
recently, the physiological roles of JH have been 
inferred from qualitative and quantitative studies 
performed mostly with adults. 
JH is presumed to be synthesized and released only 
from the CA except in special cases where JH acid is 
released and then methylated in the male cecropia 
accessory reproductive glands (Peter e_t a_l. , 1981; 
Sparagana and Bhaskaran, 1983; Shirk e_t a_l. , 1983; 
Sparagana e_t a_l. , 1984), or imaginal discs (Sparagana 
e_t erl. , 1985). The development of an iji vitro CA 
culture of Manduca sexta resulted in the elucidation of 
the biosynthetic pathways of JH (Judy e_t a_l_. , 1973). 
It has now been shown that the inferred precursors 
propionate, mevalonate and acetate are incorporated 
into JH I and JH II (Jennings et a_l. , 1975 and Schooley 
e_t a_l. , 1973), whereas JH III is built from acetate 
units through the usual isoprenoid pathway. That is, 3 
C-5 isoprenoid units formed through the 
acetate-mevalonate pathway are linked together, 
farnesyl pyrophosphate is then formed after which ester 
cleavage occurs to produce farnesol. JH III is finally 
produced by oxidation of farnesol to the carboxylic 
acid, followed by epoxidation and methylation. It is 
generally accepted that JH 0 is synthesized from three 
homomevalonate molecules, JH I is synthesized from one 
mevalonate and two homomevalonate molecules and that JH 
II is synthesized from one homomevalonate and two 
mevalonate molecules (Schooled e_t a_l. , 1978). 
Therefore, the extra sidechain carbons in the JH 0, I, 
and II are thought to result by carbon skeleton 
assembly from a mixture of C-5 and C-6 isoprenoid units 
(King, 1983). After the assembly of the carbon 
skeleton, it is thought that the two final steps of JH 
biosynthesis involve methylation at Cl and epoxidation 
at the CIO and Cll positions. A microsomal methyl 
ester transferase catalyzes the carboxyl alkylation and 
a mixed function oxidase presumably affects the 
epoxidation step (Akamatsu et al_. , 1975 and Reibstein 
et al., 1976). The exact sequence of the terminal 
methylation and expoxidation steps are not yet resolved 
and they may be species specific or life stage 
specific. 
In order for JH to modulate the development and 
reproductive processes, its titer must be precisely 
controlled. The mechanisms for regulation could occur 
at several levels; synthesis, release, catabolism, 
transport, uptake or excretion (de Kort and Granger, 
1981). 
The CA are innervated by neurosecretory and 
non-neurosecretory axons from both the brain and 
subesophageal ganglion (Gilbert et al., 1978). This 
type of innervation is indicative of control mechanisms 
that could be both nervous and neurohormonal. JH 
synthesis and secretion (CA activation) is believed to 
be initiated through the action of allatotropins 
produced by neurosecretory cells of the brain 
(Engelmann, 1970; Gilbert e_t a_l. , 1978; Girardie et 
al. , 1974 and 1981), but inhibition may be nervous 
(Engelmann, 1970; Gilbert e_t al_. , 1978; Schooneveld et_ 
al. , 1979;) or stimulatory as in Schistocerca, where 
denervation of the CA results in an irreversible 
decline in JH biosynthesis (Tobe et a_l. , 1981). 
Experiments that have combined jin. vitro and dji vivo 
techniques have led to the proposal that a humoral 
allatotropin and allatohibin exist in larvae of Manduca 
sexta and Galleria me1one1la (Sehnal et a1., 1975 and 
Williams, 1976). The CA could be inhibited during the 
reproductive cycle via nervous connections in 
Shistocerca gregaria (Tobe e_t a_l. , 1977) and Diploptera 
punctata (Stay et al., 1977). Ovariectomy suppresses 
JH secretion (Stay and Tobe, 1978; Lanzrein ejt al. , 
1981; Weaver, 1981) and ovarial reimplantation 
reestablishes the cycle of JH secretion (Stay e_t al ♦ , 
1983). Because CA are not thought to store synthesized 
hormone, regulation by means of controlled release is 
unlikely (Granger e_t a^L. , 1979 and Tobe e_t a_l. , 1974). 
Degradative pathways for JH have been shown to be 
a very specific and effective means for regulating JH 
titer. Two major pathways, hydrolysis of the methyl 
ester and hydration of the epoxide group apparently 
account for the major control of JH titer (Brooks, 
1977; Hammock, 1975; Hammock and Quistad, 1981). 
Two types of hemolymph esterases, general and 
JH-specific, have been identified in insects (Gilbert 
e t al. , 1978; Kramer e_t a_l. , 1977; Weirich e_t al. , 
1976). A specific JH binding protein (JHBP) in the 
hemolymph also serves to aid in transport but also 
protects JH from premature .degradation (Gilbert e_t a_l. , 
1978; de Kort and Granger, 1981; Hammock, 1975; Kramer 
e_t al^. , 1974; Sanberg e_t a_l_. , 1975). Control over 
production of JHBP and JH specific esterases introduces 
another possible method for JH regulation and adds 
further complexity to the system (Reddy e_t aJ^. , 1979). 
Finally, less is known regarding the mechanisms of 
JH action or exactly how tissues take up JH. 
Furthermore, the excretory rates of JH have not been 
thoroughly examined (Erley et a\_. , 1975). The most 
common model proposed for JH’s mode of action is one 
that has JH entering the cell and forming a complex 
with cytosolic and/or nuclear receptors. The 
JH-nuclear receptor complex apparently then activates 
or inactivates specific genes that are responsible for 
controlling certain cellular events. Technical 
difficulties resulting from low affinity binding by JH 
with lipophillic components of cell membranes and 
proteins has made study of specific JH receptors 
unrewarding (Laufer and Borst, 1983). 
Thus, it would appear that JH regulation and 
action are complicated and apparently may be achieved 
through a variety of mechanisms. 
RATIONALE 
Prior to 1974, there were no direct methods for 
measuring the activity (JH synthesis/release) of the 
insect CA. Transplantations, bioassays, hormone 
application (replacement) therapy and CA volume were 
all used in the past for demonstrating CA activity. 
These methods, however, have limitations. Wigglesworth 
in 1948 pointed out, "From the standpoint of 
experimental method, it is obvious that the 
transplantation of the corpus allatum alone may give a 
misleading impression of its function." Tobe and Pratt 
(1975a) also demonstrated that at least in Shistocerca 
gregaria, there is no correlation between CA volume and 
JH release/synthesis. 
By the end of 1974, a relatively simple and rapid 
radiochemical assay for JH synthesis ln_ vitro had been 
developed (Pratt and Tobe, 1974; Tobe and Pratt, 
1974a). This assay utilized the theory that in the 
presence of radio labelled methyl-methionine, the molar 
incorporation ratio for methionine and farnesoic acid 
is 1:1. Simply stated, equimolar amounts of the methyl 
group from methionine and farnesoic acid are 
incorporated to make JH. According to Tobe and Pratt 
(1974a and 1976), methionine is therefore the major 
source of the methyl group in the esterification of 
farnesoic acid. Utilizing their theory, if the 
incorporation rate of methionine is followed, the 
precise rate of JH synthesis can be measured. 
To use the above assay effectively, it is 
important that basic parameters be defined. These 
parameters could include identification of the 
synthesized product(s), the linearity of the synthetic 
rate over the time of incubation, and the influence of 
substrate concentration, pH, incubation media and 
oxygenation (Tobe and Pratt, 1974a; Weaver et a1., 
1980). 
The gypsy moth, Lymantria dispar (L.)» is a 
European pest first introduced into the United States 
by the French naturalist Leopold Trouvelot in 1869 
(Forbush and Fernald, 1896). Since then, damage and 
spread of this notorious defoliator has warranted 
extensive research. Various aspects of its biology 
have been investigated with hopes of developing 
successful control strategies (Doane and McMannis, 
1981) 
Lymantria dispar has already been used 
successfully as a physiological research animal. The 
initial ligation studies by Kopec in 1922 paved the way 
for the discovery of PTTH and JH. Endocrine studies 
concerning the biosynthetic rates of the CA in larval 
instars are completely lacking, as are roles for the CA 
and JH synthesis in pupal or adult life. Even studies 
of the basic cellular morphology of the gypsy moth CA 
do not currently exist. 
My intention was to develop an iji vitro 
radiochemical assay for larval gypsy moth JH 
biosysnthesis so that the rates or activities of CC-CA 
complexes could be easily and accuratedly measured for 
a given instar. Past studies on ±n_ vitro JH synthesis 
in Lepidoptera have relied primarily on data obtained 
through experiments which utilized Manduca sexta. 
Another lepidopteran model therefore, was examined for 
comparison. The role of time, number of glands and 
media were all examined to identify the parameters 
necessary for a successful in vitro system. Basic 
glandular morphology was examined to ascertain gross 
differences between glands of different sexes and 
instars. Effects of two compounds (one inhibitory and 
one excitatory) were measured to elucidate their 
effects upon glands jin. vitro. 
The following chapters present the basic rationale 
of the experimental design: (1) The necessary 
deveopment and preliminary testing of the iji vitro 
protocol; (2) Utilizing the in_ vitro assay to monitor 
JH secretion by larval CA in young and mature female 
larvae. (3) Testing inhibitory and excititory 
compounds using the iji vitro assay and (4) Comparing 
glandular volume and cell number betweeen studied 
instars to determine if any relationship exists between 
gland volume, cell number and JH secretion. 
CHAPTER II 
IN VITRO CULTURE TECHNIQUE FOR ASSESSING JUVENILE 
HORMONE BIOSYNTHESIS IN CORPORA ALLATA - CORPORA 
CARDIACA COMPLEXES OF LARVAL LYMANTRIA DISPAR (L.) 
Introduction 
As stated previously, the titer of JH in the 
larval insect determines the ensuing molt by how it 
affects the response of tissues to 20-hydroxyecdysone. 
One key factor which can mediate the JH titer is JH 
biosynthesis and secretion by larval corpora allata. 
The importance, therefore, of having an accurate method 
of monitoring the biosynthetic activity of the CA 
cannot be over stressed. 
Since its first use ten years ago, the short term 
radiochemical iji vitro assay for measuring JH 
production by insect corpora allata (Judy e_t a_l_. , 1973) 
has been employed to study relationships between JH 
biosynthesis and: (a) JH release (Pratt and Tobe, 1974; 
Tobe and Pratt, 1974b; Pratt et al., 1975; Tobe and 
Stay, 1977), (b) oocyte development (Tobe and Pratt, 
1975a; Tobe and Stay, 1977; Weaver et al., 1975; 
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Roseler e_t a^. , 1980; Stay e_t a_l. , 1983), (c) JH titer 
in the hemolymph (Lanzrein e_t a_l. , 1978; de Kort and 
Granger, 1981) and (d) hierarchy in social insects 
(Roseler et al., 1980). The technique has contributed 
towards a better understanding of the JH biosynthetic 
mechanism (Pratt and Tobe,1974; Tobe and Pratt, 1976; 
Kramer and Law, 1980). The attributes of this method 
as compared with other available techniques have been 
recently outlined by de Kort and Granger, 1981. 
An ideal i_n vitro system requires the 
establishment of conditions that insure the accurate 
and reproducible quantification of hormone synthesis. 
In addition, it is especially important in 
physiological experiments that the jln^ vitro conditions 
allow glands to function in a manner that faithfully 
represents their in vivo situation. 
The main objective of the experiments outlined in 
this chapter was to produce a successful in vitro 
technique for use with L. dispar to ascertain CA 
activity during periods of larval development. The 
ultimate goal was also to employ chromatographic 
analysis to identify final radioactive products of the 
in vitro incubation and to establish assay conditions 
that would allow measurement of CA activity using the 
smallest possible number of CC-CA gland complexes. 
This in vitro assay was an essential prerequisite for 
experiments outlined in the following chapters related 
to CA activity in Lymantria dispar. 
Methods and Materials 
Experimental Animals and Dissections 
Third instar larvae of the gypsy moth Lymantria 
dispar (L.) were received weekly from Otis Gypsy Moth 
Development Center, Otis, MA. The larvae were 
maintained under a 26 + 2°C, 16 hr light, 8 hr dark 
regime. Larvae were confined from third instar to 
pupae in 6 oz plastic cups in groups of 10 - 12 per cup 
and fed a standard wheat germ diet (Bell e_t a_l. , 1981). 
The larvae were observed daily to determine when they 
eclosed to the experimental instar. For these 
experiments, stadia were defined to be from ecdysis to 
ecdysis. All surgical instruments were cleaned and 
sterilized with 70% ethanol prior to use. 
Larvae were anesthetized with CO2 and their 
corpora cardiaca - corpora allata (CC-CA) complexes 
dissected under Lepidoptera saline (Carrow, 1981), pH 
6.6, 312 mOsmol. A dorsal incision was made in the 
cervical membrane to expose the tracheae, esophagus, 
and associated muscles of the neck and posterior head 
region. Next, this area was immediately flooded with 
saline. Gently pushing aside tracheae on either side 
of the esophagus revealed the retrocerebral complexes 
(CC-CA) positioned between the esophagus and the 
esophageal—stomodeal dilator muscles. The CA appear as 
transparent spheres attached to the roughly triangular 
CC by a short nervous connection. Using fine 
watchmakers forceps, the CC-CA were dissected free by 
carefully severing the nerves connecting the CC with 
the brain and recurrent nerve. CC-CA complexes were 
removed for incubations rather than single CA in order 
to prevent excessive trauma and lowered activity. To 
prevent mixing CA from different sexes, operated larvae 
were sexed using the method described by Hollander 
(1983). An ocular micrometer was used to measure 
relative volumes of all CA cultured. Volumes were 
measured to determine if there was any correlation 
between CA volume and biosynthetic activity. 
General in vitro Protocol 
After a 10 min rinse in additional saline, the 
glands were transferred to polyethylene glycol-coated 
(Giese et_ al_. , 1977) incubation tubes that contained 50 
uL of culture medium supplemented with 1 uCi of L-[Me 
3 
H]-Methionine (80 Ci/mmol, New England Nuclear) having 
a final specific activity of 792 mCi/mmol. As 
previously stated, this assay utilized the theory that 
in the presence of radio labelled methyl-methionine, 
the molor incorporation ratio for methionine and 
farnesoic acid is 1:1. Methionine is therefore the 
major source of the methyl group in the esterification 
of JH acid or farnesoic acid to eventually form JH. 
All media were adjusted to an osmolarity of 390 mosmol 
and pH 6.6. These values for osmolarity and pH values 
corresponded to average larval values. Incubations 
took place in the dark at 26 +_ 2^C with gentle shaking 
(200 rpm with a Junior Orbit Shaker, Lab-Line 
Instruments) for 6 hr. The procedure (Figure 1) for 
extraction and subsequent chromatographic analysis of 
synthesized product was slightly modified from Weaver 
et al. (1980). One microgram of unlabelled Ayerst JH I 
racemic mixture containing 16% t,t,c-JHI (AJH) was 
added to the medium after incubation just prior to 
being extracted. This quantity of JH was adequate for 
UV visualization or as a subsequent marker during HPLC 
(high pressure liquid chromatography). The medium with 
glands was then extracted 3 times with 100 uL volumes 
of isooctane (2,2,4-trimethylpentane). For each 
extraction, the medium and isooctane were thoroughly 
mixed by sonification followed with vortexing. After 
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CULTURE GLANDS FOR 6 HOURS AT 
GRACES’S INSECT MEDIUM WITH 1 uCi 
25°C IN DARKNESS 
3H—METHYL—METHIONINE 
STOP CULTURE WITH ORGANIC EXTRACTION 
3X WITH EQUAL VOLUMES OF ISOOCTANE 
TLC 
(ACETONITRILE:ETHER 4s 1) 
HPLC 
(RP, MeOH:WATER 80:20) 
Figure 1- Flow diagram representing the general in 
vitro culture and extraction protocol used in 
experiments. 
separation, the pooled organic phases from each 
extraction were slowly evaporated with nitrogen to 
dryness and resuspended in 50 uL of isooctane. This 
solution was then spotted on silica TLC (thin layer 
chromatography) plates (0.100 mm; Eastman No. 13181, 
Eastman Kodak Co., Rochester N.Y.) and developed with 
acetonitrile-ether, 4 to 1 with 1% acetic acid. The 
visualized spot (under UV) was scraped off, added to 
520 uL of scintillation fluid consisting of 500 uL 
Aquasol II (New England Nuclear) and 20 uL distilled 
water. The tube containing this mixture was placed in a 
7mL borosilicate shelf vial. Both were then placed 
into a standard 20 mL scintillation vial, capped and 
counted in a Beckman LS-150 liquid scintillation 
spectrophotometer having a counting efficiency of 
30.9-34.5%. The rate of labelled methionine 
incorporation was also quantified by pooling the 
organic phases from three extractions, evaporating to 
dryness under nitrogen or air, then reconstituting with 
20 uL of distilled water. To this mixture, 500 uL of 
scintillation fluid was added and the mixture counted 
as above. Extractions of labelled media containing no 
glands served as background controls. The rate of in 
vitro methionine incorporated by gland complexes was 
calculated and finally expressed as pmole methionine 
per gland pair per hour. 
In vitro Media Selection 
The osmolarity of the in^ vitro medium was matched 
with that of the larval hemolymph from measurements 
obtained through the use of a vapor pressure osmometer. 
All media used in experiments were adjusted to the same 
osmolarity as larval hemolymph to prevent osmotic shock 
to cultured organs. In every case, unadjusted media 
were found to be hyperosmotic with regard to larval 
hemolymph. 
Osmolarity measurements were conducted with a 
Wescor vapor pressure osmometer at 25° C using small 
filter paper discs (approx. 7mm diameter) saturated 
with 8 uL of hemolymph obtained from CO2 anesthetized 
larvae. Hemolymph was obtained by severing a proleg 
and gently squeezing a larva. This procedure could be 
repeated at least 5 times for an individual 4th instar 
larvae and up to 20 times for a larger last instar 
female larvae. 
To select the optimum culture media, 6hr 
incubations with 2 pair of CC-CA per culture were 
performed with Grace's insect medium (without 
L-methionine, GIBCO), Grace's with 1% Ficoll (Khan et 
al., 1982), Landareau's medium (Maramorosch and 
Mitsuhashi, 1982), or MEM (minimum essesential medium 
without L-methionine, GIBCO). Each medium was 
supplemented with 1 uCi ^H-methionine as previously 
described. 
The optimum L-methionine concentration required to 
produce maximum incorporation rates by gland complexes 
was determined by culturing two pair of gland complexes 
in media containing 1 uCi ^H-methionine at different 
specific activities ranging from 3077 mCi/mmol to 200 
mCi/mmol (Table 1). 
RATIO SPECIFIC ACTIVITY 
1:25 3077 
1:50 1569 
1:75 1053 
1:100 792 
1:200 392 
1:300 266 
1:400 200 
Table 1. Ratio of labelled (1 uCi of L-[^H-Methyl] 
—methionine, 80 Ci/mmole) to unlabelled L—methionine 
and the resulting specific activities in mCi/mmole that 
were used to determine optimum specific activity for in 
vitro CA culture experiments. 
To select the optimum incubation duration, 
incubations were conducted for 2, 4, 6, 8, 12, 20 and 
24 hr. Two pair of CC-CA gland complexes from 72 hr 
4th instar females were incubated in Grace’s medium 
containing methionine with a final specific activity of 
792 mCi/mmol as described previously. 
Different pH values of 5.5, 6.6, 7.0 and 7.5 were 
tested to discover if media pH affected in vitro 
incorporation of labelled methionine. Prior to filter 
sterilization, media and Lepidoptera saline pH were 
adjusted with either KOH or HC1. For each pH tested, 
72 hr female 4th instar gland complexes were incubated 
as previously described. 
TLC and HPLC analysis 
In vitro biosynthesized products from dispar 
CC-CA complexes were qualitatively and quantitatively 
analyzed using normal phase TLC and reverse phase HPLC. 
TLC plates were cut into 5 x 20 cm plates and a 
small mark made 2.5 cm from the top and bottom of each. 
These marks were reference points that indicated the 
locations of the origin and solvent front. 
Isooctane reconstituted (50 uL) organic extracts 
from incubations were spotted on the origin of each 
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Figure 2- Diagramatic representation of a thin layer 
chromatographic (TLC) plate. The numbers 1—15 designate 
the zones scraped and counted to determine the 
distribution of radioactivity. 
small plate. A non-labelled 5ug racemic mixture of JH 
I (Ayerst, Mckenna & Harrison Ltd., Montreal, Canada) 
was spotted as a reference that also could be 
visualized under UV. TLC plates were developed with 
acetonitrile/di-ethyl ether, 4 to 1 with 1% acetic 
acetic acid unless noted otherwise. As soon as the 
solvent reached the solvent front mark (approx. 30 
min), the plate was removed from the developing chamber 
and allowed to dry. The plate was then examined under 
UV light and the position of migrated spots noted. The 
plate was divided into 2 x 1 cm fractions (Figure 2) 
which were subsequently scraped off and the silica 
resuspended in 20 uL distilled water and 500 uL 
scintillation fluid and counted as described 
previously. An unused 2 x 1cm area of each plate was 
scraped and counted as a control. 
Six different solvent systems were tested to 
determine Rf values for JH I and JH I acid on the TLC 
(Table 2). The solvent systems studied were: 
hexane-ethyl acetate, 1 to 2; hexane-ethyl acetate, 1 
to 4; hexane-ether, 1 to 1; acetonitrile-ether, 1 to 1; 
methylene chloride-ethyl alcohol, 1 to 1; 
acetonitrile-ether, 4 to 1 with 1% acetic acid. For 
each system, 5 ug of Ayerst JH I and 5 ug of Ayerst JH 
I acid were dissolved in 50 uL of ethyl acetate and 
spotted at the origin and after development, were 
visualized with UV, the migrated spots marked and the 
Rf values calculated. 
Compound A 
SOLVENT 
B C 
SYSTEM 
D E F 
Rf 
Ay JH 0.64 0.62 0.31 0.76 0.83 0.73 
JH-Acid NM 0.074 NM 0. 14 0.49 0.26 
Table 2. Rf values for Ayer s t JH and JH I acid 
developed on Eastman silica gel (13181) using six 
different mobile phases. A: hexane-ethyl acetate, 1 to 
2. B: hexane-ethyl acetate, 1 to 4. C: hexane-ether, 
1 to 1. D: acetonitrile-ether, 1 to 1. E: methylene 
chloride-ethyl alcohol, 1 to 1. F: acetonitrile-ether, 
4 to 1 with 1% acetic acid. NM = no detectable 
migration. 
HPLC was performed with a Varian Model 5000 
instrument equipped with a Vari-Chrom variable 
wavelength detector set to 220 nm. A reverse phase 
column, Varian MCH 10, C-18 (300 x 4 mm) was used for 
separation. Methanol/water (80:20) served as eluant 
with a flow rate of 1.2 mL/min. Purified JH I, JH II, 
and JH III (Calbiochem) were used as reference 
standards. Fractions were collected every 30 sec using 
a Pharmacia Frac-100 fraction collector. To measure 
extraction efficiency, [Me - 3h]-JH III (specific 
activity of 11 Ci/mmol, New England Nuclear) was added 
to glandless culture media, ijicubated and extracted as 
above. 
Dried organic extracts from experimental cultures 
were reconstituted with 15 uL of absolute methanol and 
10 uL injected on to the column. Eluting fractions 
were collected every 30 sec beginning with injection, 
and ended 5 min after elution of the last (JH I) 
standard peak. Each collected fraction was evaporated 
to dryness under nitrogen and examined for 
radioactivity as previously described. 
Results 
Recovery of Radiolabelled Products 
The extraction procedures described previously, 
using three 100 uL volumes of isooctane, yielded 
extraction recoveries from 50 uL medium of 84% and 90% 
for []-juvenile hormone III concentrations of 0.28 
pmol and 0.07 pmol respectively. 
L-Methionine Specific Activity 
The influence of unlabelled L-methionine 
concentration on ^H-methyl methionine incorporation by 
72 hr female 4th instar larval CC-CA complexes d_n vitro 
is depicted in Figure 3. Maximum incorporation 
occurred with 1 uCi of 3H-methyl methionine at a final 
specific activity of 792 mCi/mmole (0.025 mM total 
methionine). Methionine concentrations above 0.04 mM 
and below 0.02 mM resulted in lower amounts of 
3 
H-methyl methionine incorporation. 
Selection of Culture Media 
Of three media tested, Grace’s insect medium 
without insect hemolymph resulted in the highest amount 
of incorporation (Table 3). The in vitro labelled 
products were significantly higher for Grace's with or 
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Figure 3. Amount of *H—methyl methionine incorporated 
(picomole/pair CC-CA gland complexes/hr of incubation) 
versus various total in vitro methionine concentrations 
<nmole/50uL medium)for 72 hr old 4th instar female 
larvae. 
without 1% ficoll than Landureau’s or MEM. The former 
two media were judged to be equal to each other when 
compared for their ability to. sustain active CA. Since 
the viability and the rate of biosynthetic activity 
have been reported to be unaffected by the addition of 
Ficoll (Khan e_t al. , 1982), it was there deleted as a 
constituent in any experimental media utilized. 
MEDIUM X (pmole/gland pair/hr) + S.E. n 
Grace’s 0.11 + 0.07 a 9 
Grace's 
w/1% Ficoll 
0.15 + 0.10 a 9 
Landureau ' s 0.048 +0.03 b 9 
MEM 0.030 + 0.01 b 9 
Table 3. [jmethyl-methionine incorporated during in 
vitro culture of L. dispar CA-CC complexes (2 pair 
complexes per culture, n). Values followed by 
different letters are significantly different, p 0.05 
(Mann-Whitney U Test). 
Culture Medium pH 
3 
H-methionine incorporation was significantly 
higher in media with a pH greater than 5.5, but there 
was no significant differences between media ranging in 
pH from 6.6 to 7.5 (Table 4). While the greatest 
incorporation appeared to occur in Grace’s at pH 7.5, 
use of this pH was ruled out because many constituents 
of the media became insoluble at pH 7.1 and above. 
Based on these experiments, the pH value of the Grace’s 
medium used throughout the following experiments was 
6.6. This pH varied only slightly from that of the 
larval pH (6.3). 
MEDIUM 
pH 
X (picomole/gland pair/hr ) + S.E. n 
5.5 0.019 _+ 0.003 a 10 
6.6 0.077 + 0.014 b 12 
7.0 0.059 + 0.003 b 11 
7.5 0.090 + 0.02 b 10 
Table 4. [^H]methy1-methionine incorporated during in 
vitro culture of CA-CC gland complexes (2 pair per 
culture) of dispar in Grace’s media of differing pH. 
Values followed by differing letters are significantly 
different; p _< 0.05 (Mann-Whitney U Test). 
Incubation Duration 
The greatest incorporation (0.14 pmole/gland 
pair/hr) occurred during six hour incubations. As the 
incubation time increased, the amount of incorporation 
steadily declined and remained so for up to 24 hr 
(Figure 4). The slight decline in incorporation 
observed for the first 2 and 4 hr was attributed to 
glandular acclimation to the new environment of the 
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Figure 4. Amount of 3H-methyl methionine 
incorporporated (expressed in picomole per gland per 
hour) versus various times (hours) in culture for 2 
pair of Lywantria CC—CA gland complexes. 
30 
medium. 
Relationship between Corpus Allatum Activity and Volume 
in 4th Instar Larvae 
Table 5 illustrates that there was no clear 
correlation between the corpus allatum volumes and 
their rate of JH biosynthesis. Male and female larvae 
of the same age, however, do possess CA of different 
sizes. 
AGE 
(HR) 
X VOLUME 
( urn 
FEMALE 
+ S . D. 
3) 
MALE 
INCORPORATION 
(pmole/pr/hr) 
FEMALE 
8 1.59 + 0.4 0.40 + 0.2 0.1198 + 0.076 
16 1.89 + 0.5 0.84 + 0.2 0.1216 + 0.027 
24 1.77 + 0.8 0.64 + 0.2 0.1003 + 0.069 
48 2.0 + 0.7 0.81 + 0.03 0.1300 + 0.025 
72 2.0 + 0.4 0.87 + 0.2 0.0890 + 0.010 
96 2.5 + 1.0 — 0.0656 + 0.016 
Table 5. Comparison of age (hr) and CA volume (um^) 
with incorporation of ^H-Methionine during in vitro 
incubation of larval 4th instar L. dispar CA. Male CA 
were not cultured. 
TLC analysis 
Silica gel TLC plates developed with the 
acetonitrile/ether solvent system exhibited 
distributions of radioactivity (expressed as 
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Figure 5. Diagramatic representation of TLC plate 
depicting the appearance of 5 ug Ayerst JH I. The 
numbers 1-15 designate the zones scraped and counted to 
determine the distribution of radioactivity. 
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Figure 6. Distribution o-f 3H-JH III standard (10,000 
DPM) on TLC. Radioactivity reported as disintegrations 
per minute (DPM). Zones correspond to those 
illustrated in Figure 5. 
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Figure 7. Distribution of 3H-label on TLC from an 
extract of 72 hr 4th instar CC-CA cultured for 6hr with 
1 uCi 3H-methyl-methionine, 792 mCi/mmole. 
Radioactivity reported as disintegrations per minute 
(DPM). Zones correspond to those illustrated in Figure 
5- 
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Figure 8. Distribution of *H-label on TLC from an 
extract of 72 hr 4th instar CC-CA cultured for 6hr with 
1 uCi ®H-methyl-methionine, 792 mCi/mmole. 
Radioactivity reported as disintegrations per minute 
<DPM). Zones correspond to those illustrated in Figure 
5. 
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Figure 9- Distribution of 3H-label on TLC from an 
extract of Grace’s insect medium containing 1 uCi 
3H-methyl Methionine, 792 mCi/mmole, incubated for 6 
hr. Radioactivity reported as disintegrations per 
minute (DPM). Zones correspond to those illustrated in 
Figure 5. 
disintegrations per minute or DPM) that are illustrated 
by Figures 5-9. Numbers on the X-axis represent the 1 
cm consecutively numbered zones of a TLC plate after 
development and UV visualization. The origin is on the 
left. Each bar represents the radioactivity (DPM) that 
corresponds with each zone of the TLC plate (Figure 5). 
Since 3H JH III consistently co-migrated with the 
racemic Ayerst JH I (Figures 5-6), the Ayerst mixture 
was judged a sufficient control for determining JH 
migration. Figures 7 and 8 illustrate the resulting 
distribution of radioactive product extracted from 
incubations of 2 pair of 72 hr 4th instar CC—CA 
complexes. The medium contained 1 uCi ^H-methyl 
methionine with a final specific activity of 792 
mCi/mmol. In all cases the radioactive extract 
co-migrated with the AJH fraction. Figure 9 represents 
an extraction of glandless labelled control culture 
medium. 
HPLC Analysis 
Under the conditions stated previously, a mixture 
of JH standards dissolved in absolute methanol produced 
a chromatogram in which JH III eluted in 5-5.2 min, JH 
II in approximately 6.2 min and JH I in 7-7.5 min. 
Ayerst JH I had a retention time of approximately 7.2- 
40 
JH 111 
Figure 10. HPLC chromatogram i1lustrateing JH III, JH 
II and JH I standards peak heights and retention times 
for 120, 50 and 50 ng respectively. Absorbance at 220 
nm and flow rate at 1.2 mL/min. 
41 
Figure 11. HPLC chromatogram -from extract of 24 hr 4th 
instar CC—CA gland complexes cultured for 6 hr with 1 
uCi *H—methyl—methionine, 792 mCi/mmole. 10 ng JH III 
used as an internal standard. Absorbance at 220 nm and 
flow rate at 1.2 mL/min. 
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Retention Time (min) 
Figure 12- Distribution of *H-label corresponding with 
each 30 sec fraction collected from HPLC (Fig- 11) of 
24 hr 4th instar CC-CA complexes cultured for 6 hr with 
luCi 3H-methyl—methionine, 792 mCi/mmole- 
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Figure 13- HPLC chromatogram from extract of 72 hr 4th 
instar CC—CA gland complexes cultured for 6 hr Mith 1 
uCi 3H—methyl—methionine, 792 mCi/mmole. 10 ng JH III 
used as an internal standard. Absorbance at 220 nm and 
flow rate at 1.2 mL/min. 
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Figure 14. Distribution of 3H-label corresponding with 
each 30 sec fraction collected from HPLC (Fig. 13) of 
72 hr 4th instar CC—CA complexes cultured for 6 hr with 
1 uCi 3H-methyl—methionine, 792 uCi/mmole. 
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Figure 15- HPLC chromatogram -from extract of 96 hr 4th 
instar CC-CA gland complexes cultured for 6 hr with 1 
uCi ^H—methyl—methionine, 792 mCi/mmole. 10 ng JH III 
used as an internal standard. Absorbance at 220 nm and 
flow rate at 1.2 mL/min. 
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Figure 16. Distribution of 3H-label corresponding with 
each 30 sec -fraction collected -from HPLC (Fig. 15) o-f 
96 hr 4th instar CC-CA complexes cultured for 6 hr with 
1 uCi 3H-methyl—methionine, 792 mCi/mmole. 
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Figure 17. HPLC chromatogram depicting peak heights 
and retention times for 75 ng and 50 ng of JH II and JH 
I respectively injected along with approximately 1,000 
DPM 3H-JH III. Absorbance at 220 nm and flow rate at 
1.2 mL/min. 
48 
Retention Time (min) 
Figure 18- Distribution of *H-JH III <1000 DPM) 
corresponding with each 30 sec fraction collected from 
HPLC (Fig- 17) of injected JH II and JH I standards <75 
ng and 50 ng respectively). Absorbance at 220 nm and 
flow rate at 1.2 mL/min. 
7.5 min. 3H—labelled JH III had a retention time of 5 
y 
min. Control media extracts revealed no radiation that 
corresponded with retention times for any JH standards. 
A dead volume of 1.2 mL and time of 1 min preceded the 
collection of samples following their detection. 
Figures 10 - 18 illustrate that the majority of 
radioactive product from incubations of L^. dispar CC-CA 
complexes co-eluted with and had retention times that 
corresponded to those for JH III. Fractions 11 - 15 
were found to contain the major distribution of 
radioactivity from extracted culture media. These 
fractions corresponded to retention times that ranged 
from 4.5 to 5.5 min with the peak amounts being 
associated with the 5 and 5.5 min fractions. 
Discussion 
Many systems have been utilized in the past to 
incubate or culture the insect CA iji vitro. The in 
vitro culture was one way of determining the ability 
and capacity of the CA to synthesize JH. It has 
enabled researchers to quantify JH production and gain 
major insights into the biosynthetic pathways of JH 
(Schooley et al., 1973; Hammock, 1975; Pratt et al. , 
1976; Pratt and Weaver, 1978; Bergot et a_l. , 1979; 
Kramer and Law, 1980; Feyereisen jet a_l. , 1981; Monger 
and Law, 1982). Other workers have successfully used 
the in vitro methods to examine CA activity during 
development (Stay and Tobe, 1977; Kramer, 1978; Tobe 
and Stay, 1980; Kramer and Law, 1980; Khan et al., 1982 
Granger £t^ aJ^. , 1982a). The possible regulation of the 
CA by neural or neuro endocrine pathways has also been 
studied with help of dji vitro CA culture (Stay and 
Tobe, 1977; Granger a_l. , 1981; Khan £t^ al_. , 1983). 
The values found for larval Lymantria dispar CA 
biosynthetic activity in. vitro represent the first 
attempts directed at measuring the spontaneous JH 
biosynthesis in this species. The results indicate 
that certain iji vitro conditions can profoundly affect 
the amount of JH synthesized by L. dispar CA. The 
significance of these findings are important from both 
methodological and physiological standpoints. An 
optimized dji vitro system should reflect as closely as 
possible the dji situ conditions for ! ny physiological 
studies of gland activity so that levels of iji vitro 
glandular activity reliably reflect actual levels. The 
in vitro conditions selected for larval Lymantria CA 
activity consist of incubation in an osmotically 
balanced Grace’s insect medium at pH 6.6, at 26°C in 
darkness with gentle agitation. Two (2) pair of CC-CA 
are incubated in 50 uL medium containing a 
radiolabel1ed (^H—methionine) precersor for 6 hr. The 
failure to characterize as completely as possible an in 
vitro system used for the maintenance of CA could 
result in artifactual data, which would then obscure 
the actual measure of CA activity sought with an in 
vitro method. 
Apparently the Ficoll concentration in the 
incubation media may not contribute significantly with 
regard to increasing CA biosynthetic rate. Since the 
introduction of this assay the amount of Ficoll in the 
incubation media used by most investigators is 2% and 
until only recently there has been no reports of any 
influence that this polysaccharide may have on the 
incubations (Khan et aj_., 1982). The exact role played 
by Ficoll in the incubations needs further study. 
While the reduced Ficoll may play a significant role in 
allowing successful incubations, an isotonic saline and 
media must also be considered. Better extraction of 
the final radioactive product have also contributed 
toward a better assay technique. 
Chromatographic identification of the incubation 
product by HPLC leaves little doubt that Lymantria 
larvae produce JH in vitro. The relative amounts of 
labelled methionine being incorporated by CC-CA into 
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different JH homologues differed with regard to their 
age. Figures 12, 14 and 16 illustrate that JH III 
predominates in distributions of labelled JH produced 
during 4 hr of iji vitro incubation with 1 day, 3 day 
and 4 day old female 4th instar larval CC-CA, 
respectively. JH III predominates in all cases but 
shows major peaks at during days 1 and 2 of 4th instar 
CC—CA (see also Chapter III, Fig 19). Differing 
amounts of JH I and JH II are also detected at low 
levels. JH II was only detected on day 1 while JH I 
was only present at very low levels in both 3 and 4 day 
cultures. The radio-labelled product that eluted with 
the solvent front (Figure 16) remains uncharacterized 
but was presumed to be a more polar constituent removed 
during the extraction process. Until i^n vivo 
experiments are completed that can establish hemolymph 
hormone titers, it is possible that the preferential JH 
III production is an artifact of the jji vitro system. 
The fact that there are detectable levels of both JH II 
and JH III may indicate that the proper precursors were 
unavailable or were exhausted early on in culture from 
stores within the glands. Future efforts should 
compare products produced in vitro to those synthesized 
in vivo. 
The volume of the corpora allata has often been 
£ 
used as a criterion for their activity in various 
insects although this has never been done with 
Lymantr ia dispar . Simul taneo-us measurement of the 
corpus allatum activity and their volume has, however, 
been rare. One recent study with females of the wasp 
Polistes gallicus, reports a good correlation between 
volume and activity during the period of egg maturation 
but in overwintering or ovariectomized females, very 
large glands apparently produce little juvenile hormone 
(Roseler e± a_l. , 1981). In Schistocerca gregar ia, no 
direct correlation was found between the in vitro rate 
of JH biosynthesis and the CA volume but a relationship 
between glandular volume and maximum activity could be 
demonstrated (Tobe and Pratt, 1975b). There seems to 
be no clear correlation between the in^ vitro rate of 
juvenile hormone biosynthesis and CA volume in L^. 
dispar larvae although differences in JH activity may 
be present between the glands of males and females 
(Table 5). 
This CA culture technique allows direct monitoring 
CA regulation and biosynthetic activity in Ij. dispar. 
Specific hormonal and/or humoral factors can now be 
incorporated into the culturing environment to test for 
effects on the biosynthetic machinery of this 
lepidopteran CA. 
CHAPTER III 
BIOSYNTHETIC ACTIVITY OF 4TH AND ULTIMATE FEMALE LARVAL 
CORPORA ALLATA IN LYMANTRIA DISPAR (L.) 
Introduction 
Juvenile hormones (JH) are essential regulators of 
developmental processes in all insects studied thus 
far. The quantity present or its absence is 
responsible for well described functions in 
holometabolous insects. These effects have been 
referred to as the "status quo" effect in juvenile 
insects and the promotion of pupal or adult 
characteristics. The latter characteristics would also 
include maturation of the reproductive organs and 
associated glands of the adult (Kramer and Law, 1980). 
The rate of synthesis and release of JH from the 
CA should reflect the developmental stage of the larval 
insect. In other words, the biosynthetic rate of JH in 
an early instar should represent the JH required to 
sustain larval characteristics while JH biosynthesis in 
an ultimate larval instar would reflect preparation for 
pupal and eventual adult development. The purpose of 
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the experiments outlined in this chapter is to 
investigate the iji vitro biosynthetic or release rate 
of JH from larval 4th (juvenile) and ultimate instar 
female CA. The results indicate that there are 
distinct differences in the total amount and pattern of 
JH synthesized. 
The titer of JH in the blood of insects is 
regulated primarily by three mechanisms; synthesis, 
metabolism and uptake in the target tissue (Riddiford 
and Truman, 1978). Of the three mechanisms, synthesis 
by the CA is perhaps most important, since it must 
precede the latter two events. Measurement of the 
synthesis rates of CA in sito have never been carried 
out but have relied on recently developed iji vitro 
techniques pioneered by Judy e_t a_l. ( 1973) and Tobe and 
Pratt ( 1974). These iji vitro methods for studying the 
in vitro JH synthesis have been confined mostly to 
paurometabolous insect species such as Shistocerca and 
Periplaneta (Pratt e_t a_l. , 1975a), and Diploptera (Tobe 
and Stay, 1977). Prior to these studies, JH synthesis 
had been studied using i_n vitro techniques in only one 
holometabolous insect species, Manduca sexta (Judy e_t 
al., 1973). Since that time, JH synthesis in species 
within other orders have been examined. Coleoptera (de 
Kort et al., 1982; Weaver et_ al., 1980), Diptera (Liu, 
1985) and Isoptera (Lanzrein et a_l. , 1977) have all 
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been investigated using Jjl vitro CA culturing methods 
to investigate JH synthesis a-nd release. For 
Lepidoptera, Manduca sexta, Hyalophora cecropia and to 
a much lesser extent, Galleria mellonella (Dahm ejt al. , 
1976) have remained the standard study animals for 
probing mechanisms of JH synthesis, release and 
metabolism. Other Lepidoptera should be investigated 
to discover if their JH synthesis and release as 
measured by ijn vitro methods parallels or differs from 
that of the others reported. With this intent, the 
following studies were undertaken with Lymantria 
dispar. JH synthesis in 1^.. dispar has never been 
investigated with in vitro or any other technique to 
ascertain if JH synthesis and/or release differed from 
the Manduca model. The gypsy moth also represents an 
important pest species with in Northeastern U.S. 
These studies could provide invaluable base line data 
for future unique control strategies designed to 
exploit physiological mechanisms. 
Methods and Materials 
Experimental animals and dissections 
Third instar larvae of the gypsy moth Lymantria 
dispar (L.) received weekly from Otis Gypsy Moth 
development center, Otis, MA and were maintained as 
previously described. Larvae were observed daily to 
determine when they eclosed to their respective (4th or 
last) experimental instar (0 day). C02 anesthetized 
larvae had their corpora cardiaca - corpora allata 
(CC-CA) complexes removed under and placed in 
Lepidoptera saline (Carrow,, 1981), pH 6,6 and 312 
mosmol/kg. A dorsal incision was made in the cervical 
membrane, the area was flooded with saline, and then 
the gland complexes were removed. Entire gland 
complexes were removed to prevent excessive physical 
trauma to the CA proper. Larvae were sexed prior to 
surgery using the method described by Hollander (1983). 
For each stage monitored, replicates of 2 pair of 
gland complexes were incubated for 6 hr after being 
removed at specific times during the 4th and last 
instar female larvae. Fourth instar larval gland 
complexes were removed at ages ranging from 8 to 96 hr. 
Last instar larval glands were examined from 8 to 312 
hr. A minimum of 3 replicates were allowed for each 
age class. 
General in vitro Protocol 
After a 10 min rinse in fresh saline, dissected 
gland complexes were transferred to polyethylene 
glycol-coated (Giese et_ a_l, . 1977) incubation tubes 
that contained 50 uL of Grace’s insect medium without 
hemolymph containing luCi L-[methyl-^H]-methionine (80 
Ci/mmol, New England Nuclear) having a final specific 
activity of 792 mCi/mmol. The medium was adjusted to 
an osmolarity of 390 mOsmol and pH 6.6. Tubes were 
incubated in the dark at 26 +_ 2°C with gentle shaking 
for 6 hr. 
After incubation, the medium with glands was 
extracted 3 times with 100 uL volumes of isooctane 
(2,2,4-trimethylpentane). For each extraction, the 
medium and isooctane were thoroughly mixed by 
sonication followed with vortexing. After separation 
by centrifugation, pooled organic phases from each 
extraction were slowly evaporated with nitrogen to 
dryness and then reconstituted with 50 uL of isooctane. 
This solution was then spotted on silica TLC plates 
(Eastman No. 13181) and developed with acetonitrile- 
ether, 4 to 1 with 1% acetic acid. The JH zone was 
scraped off, added to 520 uL scintillation 
fluidconsisting of 500 uL Aquasol II (New England 
Nuclear) with 20 uL distilled.water. This experimental 
tube containing the final 520 uL scintillation fluid 
was then placed in a 7mL boro-silicate shelf vial. 
Both were then placed into a standard 20 mL 
scintillation vial, caped and then counted in a Beckman 
LS-150 liquid scintillation spectrophotometer with a 
counting efficiency of 30.9-34.5% for ^H. To save 
time, the rate of labelled methionine incorporated was 
also quantified with direct counts by pooling the 
organic phases from three extractions prior to TLC, 
evaporating to dryness under nitrogen or air, then 
reconstituting with 20 uL of distilled water. Five 
hundred microliters (500 uL) of scintillation cocktail 
was then added and the mixture counted as above. 
Extraction of labelled media containing no glands 
served as background controls. The rate of in vitro 
methionine incorporated by gland complexes was 
calculated and expressed as pmol per gland pair per 
hour. 
To examine JH homologue profiles, HPLC was 
performed with a Varian 5000 equipped with a Vari—Chrom 
variable wave length detector set to 220 nm and a 
reverse phase column, Varian MCH—10, C—18 (300 x 4 mm), 
250C and an injection volume of 10 uL. Methanol/water 
(80:20) served as eluant with a flow rate of 1.2 
mL/min. JH I, JH II and JH Iil (Calbiochem) were used 
as reference standards. Fractions were collected every 
30 sec with a Pharmacia Frac-100 fraction collector. 
As previously stated, labelled (^H-methyl-methionine) 
glandless culture medium was incubated and extracted to 
serve as background controls. Each collected fraction 
was evaporated to dryness under nitrogen and examined 
for radioactivity as previously described. The above 
procedures were designed with the intent of examining 
both the amount and type of JH released from the larval 
CA. 
Results 
Pattern of JH Biosynthesis During 4th Instar 
Figure 19 illustrates the trend of JH biosynthesis 
for CC-CA gland complexes from 4th instar L.. dispar 
female larvae. Activities ranged from a high value of 
0.19 pmole/pair/hr at age 20 hr to a low value of 0.065 
pmole/pair/hr at age 96 hr. There is a general decline 
in synthesis over the instar of 0.13 pmole/pr/hr with 
peak values being at 20, 40, 48, 60 and 72 hr. The 
lower limit of synthetic rate would appear to be near 
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Figure 19. Trend o-f 3H-methyl methionine incorporation 
during the 4th larval instar o-f -female Lymantria 
d is par. Expressed as pi comole per pair o-f CC-CA gland 
complexes + S.D. per hr of incubation. 
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Figure 20. Trend of 3H-methyl methionine incorporation 
during the last larval instar of female Ly»ar>tria 
dispar. Expressed as picomole per pair of CC-CA gland 
complexes per hr of incubation + S.D. 
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Figure 21- HPLC chromatogram i11ustrateing JH III, JH 
II and JH I standards peak heights and retention times 
for 50 ng of each. Absorbance at 220 nm and flow rate 
at 1.2 mL/min. 
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JH III 
Figure 22. HPLC chromatogram of extract of in vitro, 
24 hr, last instar female CC-CA gland complexes 
cultured for 6 hr with 1 uCi sH-methyl-methionine, 792 
mCi/mmole. 120 ng JH III, 50 ng JH II and 50 ng JH I 
used as internal standards- Absorbance at 220 nm, and 
flow rate at 1-2 mL /min- 
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Figure 23. Distribution o-f 3H-label corresponding to 
each 30 sec -fraction collected -from HPLC (Fig. 22) o-f 
24 hr 6th instar CC-CA complexes cultured -for 6 hr with 
1 uCi 3H-methyl—methionine, 792 mCi/mmole. 
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Figure 24- HPLC chromatogram o-f extract o-f in vitro, 
84 hr, last instar -female CC—CA gland complexes 
cultured -for 6 hr with 1 uCi 3H-methyl-methionine, 792 
mCi/mmole. 10 ng JH III used as internal standard. 
Absorbance at 220 nm, and -flow rate at 1.2 mL /min. 
67 
Retention Time (min) 
Figure 25. Distribution of 3H-label corresponding to 
each 30 sec fraction collected from HPLC (Fig. 24) of 
84 hr 6th instar CC-CA complexes cultured for 6 hr with 
1 uCi 3H—methyl—methionine, 792 mCi/mmole. 
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Figure 26. HPLC chromatogram of extract of in vitro9 
240 hr, last instar female CC-CA gland complexes 
cultured for 6 hr with 1 uCi 3H-methyl-methionine, 792 
mCi/mmole. 10 ng JH III used as internal standard. 
Absorbance at 220 nm, and flow rate at 1.2 mL /min. 
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Figure 27. Distribution of 3H-label corresponding with 
each 30 sec fraction collected from HPLC (Fig. 26) of 
240 hr 6th instar CC-CA complexes cultured for 6 hr 
with 1 uCi 3H—methyl—methionine, 792 mCi/mmole. 
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Figure 28. HPLC chromatogram depicting peak heights 
and retention times for 75 ng and 50 ng of JH II and JH 
I respectively, injected along with approximately 2200 
DPM 3H-JH III- Absorbance at 220 nm and flow rate at 
1.2 mL/min. 
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Figure 29. Distribution of *H-JH III (2200 DPM) 
corresponding to each 30 sec fraction collected from 
HPLC (Fig. 28) of injected JH II and JH I standards (75 
ng and 50 ng respectively). 
0.05 pmole/pr/hr. TLC and HPLC data indicate that the 
majority of radioactive products co-migrated with JH 
and co-eluted with fractions corresponding to JH III 
and JH II (Figures 6-18 chapter II). 
Figures 20-27 illustrate the results from iii vitro 
incubations of gland complexes from last instar L. 
dispar female larvae. The rate of incorporation (0.63 
pmole/pr/hr) reached a maximum by 24hr (1 day) and 
remained high until 132 hr (5 day) when it began to 
fall reaching a low of 0.03 pmole/pr/hr by 204 hr (day 
9). A small peak of activity near 240 hr (day 10) of 
0.04 pmole/pr/hr occurred before the rate finally fell 
to almost non-detectable limits, 0.019 pmole/pr/hr at 
312 hr (day 13). Larvae at this late age began to 
exhibit prepupal initiation (shortening of the body). 
HPLC data illustrated by Figures 22-27 indicate that 
the major distribution of radioactivity coeluted with 
JH III. 
Discussion 
The number of JH homologues currently found to be 
present in insects has now risen to at least five: JH 
0, iso-JH 0 (4-methyl JH I), JH I, JH II and JH III. 
This nomenclature refers to the number and position of 
methyl side groups. Outside of the Lepidoptera, JH III 
is found to be the most common form of JH. With 
Lepidoptera, it has been demonstrated (in at least one 
species, Manduca sex ta) that all five homologues are 
synthesized, although not concurrently in any one life 
stage. For example, in the hemolymph of larval Manduca 
sexta, JH I, JH II and JH III can be found with JH I 
and JH II predominating, but in the adult female JH II 
and JH III (in roughly equal amounts) are found. JH 0 
and iso-JH 0 have been discovered in post embryonic 
eggs of M. sex ta (King, 1983). In the cockroach 
Nauphoeta cineria, which was thought to be an exception 
to the general rule, JH I and JH II accounted for 
roughly 50% of the hormone titer in the nymph but JH 
III was present in the adult female. From these data 
Lanzrein et a1. ( 1975) hypothesized that JH I and JH II 
are morphogenetic hormones in the nymph, whereas JH III 
is responsible for gonadotropic functions in the adult. 
Recently, reinvestigation of these reports has shown 
the absence of any hormone other than JH III (Law, 
1983). In M. sexta, JH I and JH II are consistently 
200-300 times more active than JH III in both 
morphogenetic and gonadotropic biological assays 
(Riddiford and Truman, 1978). While the assays 
demonstrate higher activity for JH I and JH II, the 
question still remains as to why JH III still accounts 
for 50% of the iji vivo hormone in the adult female. It 
would appear, however that for M. sexta, at least, JH I 
and JH II regulate the majority of endocrine and 
morphogenetic responses in the larvae while JH II and 
JH III modulate processes present in the adult female. 
Unlike M. sexta, the data for I.. dispar provide 
some evidence that the majority of JH produced by the 
larvae is JH III, with lesser amounts of JH II (see 
Chapter II, Fig. 12-16) and only minute quantities of 
JH I (Fig. 27). This evidence would seem to support 
that of previous authors studying other insects, namely 
that the predominant JH homologue, with few exceptions, 
may be JH III. The data also indicate that L,. dispar, 
as a lepidopteran, produces more than one homologue of 
JH. However, the present data may also indicate that 
JH III may be the "status quo" and certainly major in_ 
vitro hormone product synthesized in larval L. dispar. 
Presence of other homologues in the adult cannot be 
ruled out. Further research into the JH homologues 
present in both the male and female adult L.. dispar 
must first be done. 
Detecting the presence and relative amounts of JH 
homologues in two life stages of L. dispar represent 
The data (also see Chapter important contributions. 
II) illustrate that there are differences in both the 
quantity of JH and its rate of synthesis iji vitro by 
larvae from different instars-. The 4th instar female 
was chosen for these studies because it represents a 
larval instar which can be classified as juvenile since 
it is bordered in time by younger and older larval 
instars. Therefore, the JH synthesis profile should 
more truely reflect that found in juvenile larvae. The 
ultimate female larval instar, on the other hand, was 
chosen for these studies because it should have 
exhibited a JH synthesis profile reflecting an insect 
preparing for eventual adult (not larval) development. 
The large amounts of JH III, produced ij± vitro (Fig. 
23-27) by these mature larvae seems to indicate a trend 
of JH synthesis required for eventual adult development 
in which JH III (as in M. sexta) is the only homologue 
present. 
The biosynthetic trend and amount of JH synthesis 
during the 4th instar differs dramatically from that of 
the ultimate instar (Fig 19 and 20). At their peak, 
4th instar CA secrete sightly less than 0.15 
pmole/gland pair/hr, but by day 4, secretion has 
declined to 0.08 pmole/pr/hour. This decrease is 
gradual over the course of the stadium. Ultimate 
female larvae begin their .instar with in vitro 
secretion about 3.5 times higher than 4th instar 
juveniles (0.48 pmole/pr/hr), peak by day 4 at 0.6 
pmole/pr/hr and then rapidly decrease secretion over a 
4 day period to levels lower than those secreted by 
late 4th instar larvae. Fourth instar female larvae 
weigh only between 200 and 400 mg which may account for 
the relatively low synthetic rate when compared to that 
of the ultimate female larvae that begin their stadium 
at 700 mg and can attain a maximal weight of 3-4000 mg. 
The biosynthetic trends may reflect the purpose of 
the instars. There is only a relatively small 
reduction in JH secretion over the duration of the 4th 
instar but a rapid decrease in secretion over the 
course of the ultimate instar. The rapid decrease in 
JH secretion by ultimate instar CA is in preparation 
for adult metamorphosis for which JH secretion is known 
to be much lower (de Kort and Granger, 1981). 
Therefore, the present studies provide data which 
demonstrate that in vitro JH secretion may mirror the 
actual in vivo activity and that in vitro methods are 
able to evaluate glandular activity over the course of 
a given instar. 
The phylogenetic position of Lymantria dispar 
within the Lepidoptera could also be considered a 
factor when speculating on its low secretion rate of 
the higher JH homologue. In those Lepidoptera studied 
with regard to JH homologue titers, most are from 
families within the higher Lepidoptera. M. sexta and 
Hy1ophora cecropia both are members from the more 
advanced moth families of Sphingidae and Saturniidae 
respectively. These moths are regarded as being 
relatively close, phylogenetically (Borror et_ al. , 
1976) and perhaps similarities in endocrinology also 
exist. This raises a question of the evolutionary 
significance of the structural diversity of the 
juvenile hormones and biochemical mechanism underlying 
JH-titer regulation during the life history of an 
insect. Some regulatory factors may be involved in the 
control of specific enzyme systems associated with JH 
biosynthesic. For example the juvenile hormone acid 
methyl transferase is lost from the CA in adult male JH. 
cecropia (Peter et al., 1981). In Lymantria dispar, JH 
III may represent the only homologue in the larval 
female and further studies are needed to discover if JH 
III may indeed represent the major homologue present in 
the adult. 
CHAPTER I V 
PRECOCENE II AND CAFFEINE: THEIR EFFECTS ON IN VITRO JH 
BIOSYNTHESIS FROM 4TH INSTAR LARVAL LYMANTRIA DISPAR 
CORPORA ALLATA-CORPORA CARDIACA COMPLEXES 
Introduction 
In a short term iji vitro assay it is assumed that 
tissue extricated from the host will respond normally 
in vitro for short periods, during which, the tissue 
can be subjected to various experimental regimes. 
Effects produced by compounds introduced iji vivo 
should, theoretically, produce the same effects on 
identical organs or tissues ±n_ vitro. Furthermore, the 
value of the i_n vitro system is that it allows 
isolation of the affected organ or tissue enabling more 
precise investigation of any perturbations resulting 
from xenobiotic exposure and hopefully can reliably 
reflect the iji vivo activity of the tissue being 
studied . 
To evaluate the usefulness of the L.. dispar in 
vitro system, two compounds, precocene II and caffeine. 
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were chosen to evaluate their effects on the 
biosynthesis or rate of JH release from CC-CA gland 
complexes. 
With sensitive insect species, precocene II 
(6,7-dimethoxy-2,2-dimethylbenzopyran) has been shown 
to induce the full range of physiological responses 
which occur with JH deficiency. Therefore, it has been 
called one of the "anti-juvenile hormones". Precocenes 
have been shown to induce precocious metamorphosis in 
some Hemiptera (Bowers et al., 1976) and Orthoptera 
(Pener and Orshan, 1977; Chenevert ejt a_l_. , 1978). In 
holometabolous insects, the activity of precocene is 
limited to effects on diapause in adult Leptinotarsa 
decemlineata and ovicidal and/or sterilizing effects in 
some adult female Coleoptera and Diptera (Bowers, 
1976). Why precocene does not induce precocious 
metamorphosis in holometabolous insects is still 
unclear. 
The mode of action of precocene may involve a 
tissue-specific conversion within the CA to a reactive 
epoxide which alkylates cellular components and 
destroys the ability of the glands to synthesize JH. 
Most of the anti-JH actions of precocene can be 
reversed by treatment with JH analogs. The reversal of 
the anti-JH action of precocene by JH adds more 
evidence that precocene does not interfere with the 
action of JH at the receptor site, but disrupts its 
biosynthesis, secretion or transport (Bowers, 1981). 
The above studies utilized topical treatment as 
the preferred method in testing the activity of 
precocene in insects. No in vitro studies using a 
lepidopteran species have been performed to date. 
Furthermore, effects of precocene in vitro have been 
limited to studies with Periplaneta americana (Bowers, 
1977) and Oncopeltus fasciatus (Muller et_ al_. , 1978). 
In both cases precocene inhibited the production and 
release of JH. Using the L^. dispar in vitro system, 
precocene II was investigated with regard to its 
effects on isolated CA-CC. 
Caffeine, theophylline and theobromine are three 
closely related alkaloids (methylated xanthines) that 
occur in plants widely distributed throughout the 
4 
world. Caffeine, the more commonly encountered 
xanthine is 1,3,7-trimethylxanthine. The interactions 
between caffeine and numerous hormones that stimulate 
cyclic AMP (c-AMP) are well documented in the current 
literature (Goodman and Gilman, 1975). With sensitve 
systems, caffeine appears to synergize the effect of 
compounds that owe their mode of action in part to 
actions of c—AMP. Caffeine accomplishes this by acting 
as a competitive inhibitor of certain forms of cyclic 
nucleotide phosphodiesterase, the enzymes that catalyze 
the conversion of cyclic AMP to 5*-AMP (Butcher and 
Sutherland, 1962). Caffeine has also been implicated 
in affecting the permeability of calcium ions in 
several types of tissue, but especially muscle 
(Bianchi, 1975). 
The precise relationship between caffeine, calcium 
and cyclic AMP is apparently complex, particularly 
since both calcium and cyclic AMP are ubiquitous 
regulators of cellular functions and often interact to 
share a role in the modulation of certain functions 
(Matsumura, 1975). A further complexity is that 
calcium and caffeine can both influence the metabolism 
of another cyclic nucleotide, cyclic quanosine 
3',5'-monophosphate (cyclic GMP) (Stryer, 1981). The 
ability of caffeine to interact with two major cellular 
metabolic systems, makes it an ideal candidate for use 
in vitro. 
The NADPH-requiring enzyme, 
3-hydroxy-3-methylglutaryl CoA (HMG-CoA) reductase is 
potentially a site of rate—limitation and regulation of 
JH biosynthesis. It is well known that HMG-CoA plays 
an essential role in regulating isoprenoid and 
cholesterol biosynthesis in vertebrates (White et al., 
1978). Feedback controlling mechanims of HMG-CoA 
% 
reductase operate through short-term phosphorylation of 
the enzyme, long-term changes, in enzyme levels and as 
yet unkown mechanisms. Indirect evidence for the 
reversible phosporylation of HMG-CoA reductase of 
insect CA has been demonstrated for M. sexta (Monger 
and Law, 1982). If reversible phosphorylation would be 
a means of control of the HMG-CoA reductase enzyme, and 
could be caused by initial changes in cAMP or Ca2+ 
levels (Cohen, 1982), JH synthesis and/or release may 
be inhibited by the addition of caffeine. 
Methods and Materials 
Experimental animals and dissections 
Third instar larvae of the gypsy moth Lymantria 
dispar (L.) received weekly from Otis Gypsy Moth 
development center, Otis, MA were maintained under a 26 
+ 2°C, 16 hr light, 8 hr dark regime as previously 
described. CO2 anesthesized larvae had their CC-CA 
complexes removed under and placed in Lepidoptera 
saline (Carrow, 1981), pH 6,6 and 312 mosmol/kg. A 
dorsal incision was made in the cervical membrane, the 
area was flooded with saline, and then the gland 
complexes were removed. Entire gland complexes were 
removed to prevent excessive physical trauma to the CA 
♦ 
proper. Larvae were sexed prior to surgery using a 
method described by Hollander- (1983). 
For each incubation, 2 pair of 72 hr 4th instar 
gland complexes were incubated for 6 hrs after being 
removed from the female larvae. A minimum of 5 
replicates were allowed for each concentration, for 
each compound. 
General in vitro protocol 
After a 10 min rinse in fresh saline, dissected 
gland complexes were transferred to polyethylene 
glycol-coated (Giese et_ al1977) incubation tubes 
that contained 50 uL of Grace’s insect medium without 
hemolymph containing 1 uCi L-[methyl-^H]-methionine (80 
Ci/mmol, New England Nuclear) having a final specific 
activity of 792 mCi/mmol. The media was adjusted to an 
osmolarity of 390 mOsmol and pH 6.6. Tubes were 
incubated in the dark at 26 + 2°C with gentle shaking 
for 6 hr. 
After incubation, the medium with glands was 
extracted 3 times with 100 uL volumes of isooctane 
(2,2,4-trimethypentane). For each extraction, the 
medium and ioocatane were thoroughly mixed by 
Bonification followed with vortexing. After separation 
by centrifugation, pooled organic phases from each 
extraction were slowly evaporated with nitrogen to 
ryness and then reconstituted, with 50 uL of isooctane. 
This solution was then spotted on silica TLC plates 
(Eastman No. 13181) and developed with 
acetonitrile-ether, 4 to 1 with 1% acetic acid. The JH 
zone was scraped off, added to 520 uL scintillation 
fluid consisting of 500 uL Aquasol II (New England 
Nuclear) with 20 uL distilled water. This experimental 
tube containing the final 520 uL scintillation 
fluid/water solution was then placed in a 7 mL 
boro-silicate shelf vial. Both were then placed into a 
standard 20 mL scintillation vial, capped and then 
counted in a Beckman LS-150 liquid scintillation 
spectrophotometer with a counting efficiency of 
30.9-34.5% for 3h. The rate of labelled methionine 
incorporated was also quantified by pooling the organic 
phases from three extractions, evaporating to dryness 
under nitrogen or air, then reconstituting with 20 uL 
of distilled water. Five hundred microliters (500 uL) 
of scintillation fluid was then added and the mixture 
counted as above. Extraction of labelled media 
containing no glands served as background controls. 
The rate of in vitro methionine incorporated by gland 
complexes was calculated and finally expressed as pmole 
per gland pair per hour. As previously stated, 
labelled (^H-methy1-methionine) glandless culture media 
was incubated and extracted to serve as background 
controls. Each collected fraction was evaporated to 
dryness under nitrogen and examined for radioactivity 
as previously described. The above procedures were 
designed with the intent of examining both the amount 
and type of JH released from the larval CA. 
Experimental Compounds 
The three concentrations of caffeine investigated 
for effects on CA-CC gland complexes in_ vitro were 1.0, 
7.0 and 10.0 mM. Aliquots from a stock 10 mM solution 
of caffeine in 95% ethyl alcohol were added to 
carbowaxed culture tubes and the alcohol allowed to 
evaporate under a stream of nitrogen. Fifty 
microliters of Grace’s insect medium containing 1 uCi 
of 3H-methyl methionine as stated above were then 
added. Glands were cultured as previously described. 
Precocene II was also examined for its effects in 
vitro using concentrations of 0.01, 0.1 and 1.0 mM. 
Aliquots from a stock 1.0 mM precocene in acetone were 
placed in carbowaxed culture tubes and the acetone 
allowed to evaporate as described above. Again 50 uL 
of Grace's insect medium containing 1 uCi of ^H-methyl 
methionine was added and gland complexes were incubated 
* 
as described above. 
Results 
Precocene II 
Table 6 presents the effect on JH secretion from 
4th instar female dispar larvae of increasing 
concentrations of precocene II. At both 0.1 and 1.0 mM 
concentrations of precocene, a significant depression 
of secretion is seen (P 0.05, Mann-Whitney U Test) 
from that of the control. The 1.0 mM precocene II 
incubation was also significantly depressed from that 
of the 0.1 mM. The latter represents a seven fold 
decrease from that of the control values. 
PRECOCENE II 
CONCENTRATION (mM) 
X 
DPM 
PM0LE/PR/HR 
X + S.D. 
N 
0.01 964 0.05 + 0.017 10 
0.1 596 0.03 + 0.006 10 
1.0 246 0.01 + 0.006 9 
0 (Control) 1441 0.07 + 0.022 10 
Table 6. Incorporation of 3H-methy1-methionine by 72 
hr 4th instar L. dispar CC—CA gland complexes cultured 
in vitro with varying concentrations of precocene II. 
Two pairs of complexes per 6 hr culture were employed. 
Caffeine 
The effect of caffeine upon JH secretion from 
CA-CC complexes iji vitro is given in Table 7. At the 
lowest concentration of 1.0 mM, the secretion of JH 
from the glands was almost identical to that of the 
control values. At the highest concentration tested, 
10.0 mM, secretion was still not judged significantly 
different (P 0.05, Mann-Whitney U Test) from that of 
the control. At this concentration level, however, the 
result bordered between non-significance and 
significance. 
CAFFEINE 
CONCENTRATION (mM) 
J 
DPM 
PM0L/PR/HR 
X + S.D. 
N 
1.0 1151 0.05 + 0.015 5 
7.0 111 0.04 + 0.02 5 
10.0 646 0.03 + 0.007 5 
0.0 (Control) 1101 0.05 + 0.027 5 
Table 7. Incorporation of 3H-methy1-methionine by 72 
hr 4th instar L, dispar CC-CA gland complexes cultured 
in vitro with varying concentrations of caffeine. Two 
pairs of gland complexes per 6 hr culture were 
employed. 
Discussion 
The evidence summarized in Table 6 clearly 
indicates that precocene II at those concentrations 
tested, decreases the secretion of JH from Lymantria CA 
in vitro. This example represents the first direct 
evidence that JH secretion from lepidopteran CA can be 
influenced by the addition of precocene to the culture 
medium. Previous jjn vivo studies had shown that 
precocene could inhibit larval diapause in the codling 
moth, Laspeyresia pomonella (Sieber and Benz, 1980). 
Since diapause in this species is thought to be 
hormonally regulated, its disruption by precocene 
insinuated a CA shutdown. However, in vitro studies 
with codling moth CA have never been done to verify the 
activity of the glands. In another lepidopteran, 
Manduca sexta, topical treatment with 100 ug precocene 
III did not result in any significant reduction in the 
levels of JH. One can conclude from these studies that 
results of topical treatment can vary depending on the 
species, or that when topically applied, the compound 
may never reach its target tissue in amounts sufficient 
to produce the desired effects. Studies with CA from 
both Laspeyresia and Manduca are needed to investigate 
whether or not precocene can affect JH secretion in 
vitro. 
* 
Table 6 illustrates that reduction of JH secretion 
from the gypsy moth CA occurred in a dose dependent 
fashion. This would insinuate that more of the 
cellular machinery necessary for JH secretion was 
inhibited or deactivated. Soderlund et al.(1980) have 
determined that the reactive epoxide formed during the 
metabolism of precocenes in the CA results in a lethal 
alkylation of macromolecules. Verification of this 
mode of action for precocene in gypsy moths and other 
lepidoptera awaits further investigation. 
While the results with precocene were demonstrated 
to be clearly dose dependent, Table 7 provides 
inconclusive evidence with regard to the effects 
produced from caffeine administered to CA i^n vitro. 
While there appears to be a slight reduction in JH 
secretion with increasing caffeine concentrations, 
statistical anaylsis (Mann-Whitney U Test, P<0.05) 
indicated no significant difference between treatments. 
Since caffeine is a known phosphodiesterase inhibitor 
and can also affect calcium regulation in some tissues, 
one could speculate that JH secretion in larval CA may 
not be completely dependent on these systems. General 
cellular fitness may have been adversely affected, 
however, which could account for the slightly decreased 
incorporation. The levels of active, dephosphorylated 
* 
HMG-CoA reductase also may have been great enough to 
overcome the deactivating phosphorylation synergized by 
caffeine. 
Continued investigation of the modes of action of 
precocene and caffeine will doubtless clarify their 
specific chemical interactions with major tissue 
elements. One important question still to be completly 
resolved is the difference in iji vivo sensitivity to 
precocene between holometabolous and paurometabolous 
insects. Factors which may have to be considered are 
penetration, sequestration, activation and metabolism. 
CHAPTER V 
A WHOLE MOUNT METHOD FOR DETERMINING CELL NUMBER 
AND CELL ARRANGEMENT IN CORPORA ALLATA OF 4TH AND 
ULTIMATE INSTAR FEMALE LYMANTRIA DISPAR (L.) 
Introduction 
Insect CA are well recognized as the site of 
juvenile hormone (JH) secretion _in vivo and iji vitro. 
In the past, JH secretion has been measured using a 
variety of methods ranging from CA volume to hemolymph 
and iji vitro JH titers (Tobe, 1980). Therefore, 
increased JH secretion in the CA of later (and larger) 
instars could be correlated with an increased cell 
number, with cell growth or simply the rate of 
secretion. 
In the present studies, the increase in CA volume 
and iji vitro synthesis is readily apparent (see Chapter 
III). To preclude the tedium of examining sectioned CA 
from larvae of both 4th and ultimate instars, a method 
was adopted in which glands could be mounted in their 
entirety after being stained with Feulgen nuclear stain 
normally used for detecting the presence of chromotin. 
The technique provided a relatively fast and yet 
91 
reliable method that made determination of cell number 
» 
relatively easy. 
Methods and Materials 
Experimental animals and dissections 
Third instar larvae of the gypsy moth Lymantria 
dispar (L.) received weekly from Otis Gypsy Moth 
development center, Otis, MA were maintained under a 26 
+ 2°C, 16 hr light, 8 hr dark regime as previously 
described in Chapter II. 
Dissections of entire CC-CA were also performed as 
described in Chapter II and larvae were sexed prior to 
surgery usin£ a method described by Hollander (1983). 
Microtechnique 
Procedures outlined below were modified from those 
of Galigher and Kozloff (1971). 
1. Excised gland complexes were transferred through 
three 1 minute washes of 500 uL Lepidoptera saline 
(Carrow, 1981), 21-25°C. 
2. After the final saline rinse, all but approximately 
50 uL saline was carefully pipetted off and 
approximately 500 uL Heidenhains fixative was then 
% 
added. The glands were fixed for 30 rain at 21-25°C. 
3. As much fixative as possible was removed after the 
required time and the glands were then rinsed with 3 
500 uL volumes of 50% ethyl alcohol for 10 min each. 
Next, the glands were passed through 3, 10 min rinses 
of 70% ethyl alcohol to a final 4th rinse of 70% ethyl 
alcohol saturated with iodine. This last step is 
necessary to remove any residual mercuric chloride 
remaining in the tissue after fixation. After the 
iodine treatment, the glands received a series of more 
dilute alcohol washes followd by 3 rinses with 
distilled water. 
4. Following the last distilled water rinse, the 
glands were placed in IN HC1 for 5 min at room temp. 
5. The glands were next placed in IN HC1 at 60°C for 
no more than 10 min. 
6. After the hot HC1 treatment, glands were rinsed 
once in 500 uL distilled water and then placed in 
fuchsin-sulfurous acid staining mixture for 30 min to 1 
hr. This staining solution must be made up well in 
advance as it needs to age for 12 hr at 21-25oC. 
7. Rinse the glands one time, in distilled water for 1 
mint then through 3, 5 min rinses of dilute sulfurous 
acid, followed by 3, 10 min rinses of distilled water. 
8. Dehydrate the glands through a series of 
increasingly concentrated ethanol solutions to absolute 
ethanol. Allow at least 10 min per alcohol step, wash 
the glands 3 times with the absolute ethanol. 
9. Clear for 5 min with toluene or benzene starting 
with a 2:1 ratio of absolute ethanol to clearing agent, 
then 1:1 and finally 100% benzene or toluene. 
10. At this point, the glands in 100% clearing agent 
can be easily examined by placing them in a depression 
slide, covering with a glass cover slip and placing the 
slide under a compound or dissecting microscope. The 
glands can now be mounted whole or embedded and 
sectioned as necessary by conventional methods. 
To determine the number of cells present in the CA 
of 4th and ultimate female larvae, nucleoli were 
counted in ten CA from 72 hr old 4th instar larvae and 
14 CA from 36 hr old ultimate female larvae. Three 
trials were made for each complex counted and the mean 
cell numbers determined. Photographs were taken of 4th 
and ultimate gland complexes using both dissection 
(Wild M-5) and compound (Zeiss) microscopes at lOOx and 
400x respectively. 
Results 
The number of cells present in CA from both 4th 
and ultimate instars of female larvae proved to be 
relatively constant. Although some variation occurred, 
it can be shown that the means of cell counts were 
essentially identical with more variation occuring 
within the 4th instar counts. Table 8 illustrates that 
the mean number of cells for CA in both stages studied 
appears to be 30, ranging between 30 and 34 for the 4th 
instar CA and between 28 and 33 for ultimate larval CA. 
Micrographs of the CA taken through the dissecting 
scope and compound microscope are depicted by Figures 
30 and 31 respectively. The nuclei can be seen to be 
somewhat irregular in outline and positioned to form a 
hollow sphere that could be likened to a gastrula. 
Axons and trachaea enter the CA from the CC at one 
point and radiate to the cells of the CA from what 
appears to be the central point within the gland. A 
96 
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Figure 30. Photomicrograph o-f 72 hr old -female 4th 
instar gypsy moth CC—CA treated with Feulgen stain and 
whole mounted. Arrows denote corpus allatum (CA) and 
corpus cardiacum (CC) . Photographed using a Wild M—5, 
lOOx. 
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Figure 31. Photomicrograph of a 60 hr old 6th instar 
female gypsy moth corpus allatum (CA) taken through a 
Zeiss compund microscope at 400x. Specimen was treated 
with Feulgen stain and whole mounted. SC denotes 
sheath cells of the CA and N refers to a nucleolus. 
thin sheath of cells, just noticeable in Figure 31 
appears to cover the gland. Nucleoli which appeared 
as small deeply stain spheres .within the nuclei can be 
seen in figure 31. The nucleoli were useful as 
landmarks when counting cells within the CA. 
INSTAR X CELL N 
NUMBER 
4th 30.3 + 5 10 
Last 30.5 + 2 14 
Table 8. Mean cell number +_ standard deviation derived 
from counting the nucleoli within cells from CA of 72 
hr 4th and ultimate female larvae of Lymantria dispar. 
Discussion 
The corpora allata of both 72 hr 4th and ultimate 
female larval instars were examined by using a specific 
nuclear staining microtechnique which enabled the 
accurate determination of CA cell number. The numbers 
were found to be relatively constant in these instars 
which would support the hypothesis that the increased 
size of ultimate larval CA compared with the 4th instar 
is not a result of increased cell number. The 
increased JH secretion rate of ultimate instar CA noted 
in Chapter III is also not attributable to more cells 
* 
secreting JH but rather to a greater inherent synthetic 
capacity in those cells since there is obviously no 
difference in cell number. 
Both the mean incorporation rates and CA volumes 
were greater in the ultimate larval CA than in the 4th. 
The 4th instar incorporates only 25% of the rate 
observed in ultimate larval instar CA. However, if 
volume is taken into consideration, the actual 
difference in incorporation between the ultimate larval 
instar CA and the 4th instar CA amounts to little more 
than 20% (see Table 9 below). The increase in JH 
synthesis (as measured by ^H-methionine incorporation) 
may be due to an increase in the cellular machinery 
supporting this synthesis. 
INSTAR Y VOLUME N INCORPORATION 
(um3 S.D.) (pmole/pr/hr + S . D . ) ( pmole/um3) 
4 th 1.8 + 0.5 10 0.089 + 0.02 0.049 
Last 5.6 + 1.3 14 0.353 + 0.03 0.062 
Table 9. Comparison of CA volume (um^) with mean 
incorporation (picomole/pair of glands/hours of 
incubation) of 3H-Methionine during ijl vitro incubation 
of larval 4th and last female instar L. dispar CC — CA 
gland complexes. 
chapter V I 
SUMMARY AND CONCLUSIONS 
The primary goal of this research was to extend 
our knowledge of the insect endocrine system as it 
pertains to juvenile hormone secretion by the corpora 
allata of a holometabolous larva. The gypsy moth, 
Lymantria dispar (L.), was chosen for a model in this 
endeavor because of its availability (easily reared in 
the laboratory) and pestiferous notoriety. To succeed, 
a reli3ble short term in vitro system or assay was 
developed by which the glandular activity could be 
measured. Various criteria, such as medium composition, 
time in culture, pH, precursor concentration and 
minimum number of gland pairs, were evaluated with 
regard to their impact on the assay system and 
consequent glandular activity. Methods for isolation 
and identification of iji vitro synthesized products 
were also evaluated. Ultimately, the optimal assay 
conditions selected consisted of culturing 2 pairs of 
gypsy moth CC-CA in an osmotically balanced Grace's 
insect medium containing 1 uCi ^H-methyl methionine at 
a final specific activity of 792 mCi/mmol for 6 hr at 
100 
26® C in darkness with gentle shaking. Isolation of 
synthesized iji vitro products was accomplished by three 
extractions with isooctane followed by normal phase 
(acetonitrile :ether, 4:1) silica gel TLC followed by 
reverse phase HPLC (methanol:water, 80:20). The 
surgical protocol relied upon for removing CC-CA gland 
complexes was adapted from one initially developed by 
Hollander and Yin (1982). 
Initial investigations utilizing the iji vitro 
assay examined and compared relative amounts and trends 
of JH synthesis that occurred during 4th and ultimate 
female larval instars of dispar. Results from these 
studies illustrated that both the amount and homologue 
ratios of JH synthesized were notably different. Gland 
complexes from 4th instar female larvae produced 
between 5 and 6 times less JH during peak activity 
(0.14 pmole/gland pair/hour) than did last instar 
female larvae (0.5 pmole/gland pair/hr). JH secretion 
decreased only slightly during the 4th instar but 
dropped dramatically during the latter half of the 
ultimate instar to levels below those reported for the 
4th. This reduction in JH secretion during the latter 
part of the instar was presumed to be concerned with 
prepupal development. The JH homologue ratios during 
the 4th and ultimate instars also differed. JH III was 
the major homologue produced in all cases but in the 
4th instar, JH III and JH II were secreted by 1 day old 
glands whereas in subsequent incubations of 3 and 4 day 
4th instar CC-CA, only JH III wth small amounts of JH I 
were produced. Female ultimate instar larval gland 
complexes produced primarily JH III with only extremely 
small quantities of JH II. The differences in relative 
amounts of JH secreted by 4th instar glands compared 
with ultimate glands may also be attributed to larval 
size. Last instar female larvae are easily 5 to 10 
times larger than 4th instar larvae when peak amounts 
of JH production were measured. When the incorporation 
rates of each instar were evaluated on the basis of 
unit CA volume, the ultimate instar CA produced only 
20% more JH. These data indicate synthetic rate may be 
closely correlated with the quantity of metabolic 
machinery. 
At the quantities tested, Precocene II effectively 
decreased the secretion of JH from 4th instar gland 
complexes in vitro. The results from in vitro 
administration of caffeine, however were judged to be 
inconclusive. The in vitro results with precocene 
differ from those reported by Edwards e_t £1.(1983) with 
M. sexta, where topical treatments of up to 100 ug were 
unable to lower JH levels. The present in vitro 
studies with precocene II may lend support to the 
recent findings by Haunerland et al. (1985) which 
explain differences in susceptibility to topically 
applied precocene. Susceptibility is directly 
proportional to the insect’s ability to transport the 
precocene to detoxifying enzymes present in the gut 
where it is metabolized and rapidly excreted. 
Susceptible insects apparently sequester precocene in 
cells of the fat body where it is slowly released over 
time. Circulation carries released precocene to the 
CA, and effectively allatectomizes the animal. 
A modified whole mount technique was used in 
conjunction with a Feulgen stain for chromatin to 
successfully and quickly prepare gland complexes for 
examination to determine their sizes and cell numbers. 
Utilizing this technique, the cell numbers within the 
CA were shown to be consistently between 30 and 32 in 
both 4th and last female CA. Gland volume was much 
greater during the last instar than during the 4th 
instar, 5.6 urn3 versus 1.8 urn3 respectively while 
average incorporation was 0.35 versus 0.089 pmole/gland 
pair/hr, respectively. 
This work represents a major contribution with 
regard to enlarging the data base connected with the 
secretion of juvenile hormone during particular life 
stages in a holometabolous insect. The success of the 
work is based upon a short term in vitro radio-chemical 
assay for JH secretion by isolated CA. This assay 
provided valuable new data regarding the biosynthetic 
trends and homologue ratios of JH present during 
specfic periods of larval life in the gypsy moth, 
Lymantria dispar. Future routine use of the assay 
should be carefully evaluated to insure that improper 
conclusions are not drawn from certain types of data. 
For example, one should always bear in mind that the 
gland complexes have been severed from the brain and 
can therefore, respond differently over longer periods 
of time without nervous or neurosecretory stimulation. 
The major assumption associated with this technique is 
that the CC-CA will act for short periods iji vitro 
according to instructions or conditions that were 
encountered just prior to extirpation iji vivo. The 
most imporatant advantages of the iji vitro system can 
be summarized as follows: 
1. One can directly assess individual modulators of CA 
activity, both inhibitory or stimulatory without 
complications possibly imposed by other organ systems. 
Thus the in vitro assay allows for rapid screening of 
possible allatotropic or allato-inhibitory agents. 
2. The radiochemical assay allows for precise 
quantification of the JH produced. These data can then 
be directly compared with other information on 
metabolism and regulatory processes that might be 
involved in the control of JH titer. Individual steps 
in the biosynthetic pathways of hormone synthesis can 
be more easily examined (Sparagan e_t al. , 1985) and the 
results are more reproducible. 
3. Most importantly, iji vitro assays allow the 
activities of as few as one pair of glands to be 
measured and this fact coupled with more precise 
quantification of labelled products synthesized helps 
provide more statistically accurate data. 
The in vitro method, while offering many 
advantages, still must be used in conjunction with 
other analytical techniques. When techniques have been 
developed that enable quick and routine analysis of JH 
blood titers, comparisons of rates of glandular 
synsthesis and hormone blood titer will provide a much 
clearer picture of hormonal regulation. 
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